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LfcU 2J^M<7>I2?£^IU L< ti. THr^^T-fe b^— b^>£-:^ 
Hjl^jMOit-aCi. n= 3A^m= 0> X&.n = 2^m= 1 T?&<S>„ ) 
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WO 2004/035709 



PCT/JP2003/013186 



(K-12) (K-13) (K-14) 




(K-15) (K-16) 
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(K-22) 




•>;i/t k^V'a /ff'JT U-;ut;u* v. 7**v^v. *<>w> 
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N, N' N' - (3-^>;U7^-;iO -1,1' -t7x 

-;U-4, 4* -i?7TA N, N. N' , N' — (4-^^1-7x^1/) -1 
, 1' -7x^-4, 4' -^T^>s N, N, N' , N' — (4-^;l/7 
-1, 1' - t'7xr./l,- 4 , 4' -$>T5V> N, N' -v7x^b 
— N, NT -^7-7^/1— 1, 1' -h*7^.-;P-4, 4' -i?T$y, N, N 
' - (^f^7x^) — N, N' - (4-n-7"Wx^) -7xt>h 
U>-9, 1 0-v>7^>> N, N-ti'X (4-^-4-b"J;l/7^7x^;l/ 
) -4-7^^-;b-v^a^+if>^ Xliiinb^#^H^T5 

•7 ^ a >>7~> ( P c ) ^##<&^#0flkJU H 2 Pc. CuPc, CoPc. N 
iPc. ZnPc, PdPcs PePc, MnPc. C 1 Al Pc> CIGaP 
c> C 1 I nPc, C 1 SnP c. C 1 2 S i P c. (HO)AlPc. (HO 
) GaPc. VOPc, T i O P c > MoOPc. GaPc-O-GaPcf© 

7?a->7i >mmWRxf-r 7 ? a >> t - > §§ig#-e &<s>^\ d n £ $ n 
i^AWattt, «?*ira**fifc&*8^ Hftt#&©WFaA3bm 

i<\ Mfamzl*^ 7;M-u/>\ 7>h7^y^y^>, y7x/4rA 

>v^-#v b\ *-*-9-V-;k t+tv7 7-;k b U 77-;K <Y 5 *V 
— ;K ^'JU>fh7*;^vS % 71/ti^^'Jf v^^v, 7 

>b?*/S^*>. TV bav^fc*n&a>&#f*jWtf£ns*^ itlbK 
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j u^^a n b*7. (8-tKn*i/#; U h) ffilS^ b*X (8- 

hUX (8-kKom;'Jt-h) h'JX (2-^^-8 

h) #U OA. ( l 0-bFa + i/<>7 [h] *y'Jt-h) ^ U U OA 
„ (l 0-t Fa*^>y [h] ffitfis t*X (2-^^^ 

_ 8 _^;ij-j-_ ^) ^do^'J^A, t*X (2-^f;l/-8-+y'Jt-b) 
(o-^UV7-h) #'J-7A, b*X (2->f;l/-8-*;Ut-h) (1- 
_ h - 7h ^_ h ) OA^ fx (2-^f;i/-8- + yyt-F) (2—7- 

^TitrV-frb Ktth'J TV— ;MBf«M*a<#4 U^. JU«<JfcW\ 2 , 5 - 
tfx ( 1 -7^^) - 1 , 2, 
5-b*X (1 -7x^) - 1 , 3 , 4 -fT^K 2 , 5-a (l-7x 
-1,3, 4-t*t5?Ty-K 2- (4' - ter t-W7x^ 
_ 5 _( 4" -t 7 *'^) 1,3, 4-**-9-^TV-;K 2, 5-tfX 
-1,3, 4-*W7 , /~^ 1, 4-tfX [2-( 5- 
7x=.;i/t*ty7 v /'J;i/) ] ^v-tfv % 1, 4-t'x [2-( 5-7i^M 
+t*?7*/ij ;b) - 4 - t e r t -"7? *£>] . 2 - (4' - tert- 
yf^7x^;l/) - 5 -( 4" -b*-7^c=.;u) -1,3, 4-f7v77-;k 
2, 5-t*X (1— 7-7^;U) -1. 3, 4-f7^7V-;K 1. 4 - t'X [ 
2 -( 5-7x-^7^77'J^) ] -<>-fef>. 2- (4* -ter t 
;b-7^-;b) -5-( 4" -t7x-;l/) -1, 3, 4-MJ77-JK 2, 5 
-tfx (1--t-7^;U) -1,3, 4-hy77-JK 1. 4-tfX [2-( 5 

-7x^;i/hU77';;i/) ] ^ > -fef vf^f s> n * ^n^tcps^^n^^ 

. 3 6 
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^ N ITOSi> NBSA»«te«ffl*n*IMh^X.IMt-<>i?^^©ll 

^lAnyvm 'Jdf Aayvm s i Ox 

. A 1 Ox . S i Nx . S i ON. Al ON. GeOx . L i Ox . L i ON. 
T iO x ,Ti ON. TaOx . TaON. TaNx . Cft£#WMb*K 

mtm\Mx&% 0 mzmmim-t t u-m. s i o x . a i o 

x . S i N x . Si ON. A 1 ON. GeOx . C^aAWWb 

t#?£ia\ &iz > ttiz.ttmizmt*MG>m.ftb[sri±^ lif. msf 2 . c 

a F 2 . M g F 2 . NaP«U\ 
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,-*? y ji— t- 7 * > N fb77 ;u.^- a jl ^ u > - / * — 7 ;M- n r ;M=- ;u £ — 

„ # y *— h > # u 7 b * # y ^ h\ # y a.-^;b-r 5 h\ # >j >r 

^ F > *° y 7* a f b ymwmj hti& 0 

iPIt?^^ — ^©TtfctlTJ &f#^7^46t37^t^£PAnmi£^i^lc:^ 0 lift 

&#ft^fc»ft#f#£ftft^« aiSO^li 5 nm~ 1 0 jum<0«H#i8LT^ 
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10nm~0. 2 //mtf>SSH#$ Ziztfrg. 

y ax-t^k *° y r 5 h\ # V * u * *° u x juv * >> # u ^ * ? y 

y M7 , -fX7 , w©A'.yi?7'f h>uz^mmg<D?tn, was 

(1)3 MJgi* ;Mr -<&8!l£ 

( 1 0 /zmo 1/U >y b;U EPA (V 3-=f- fr*-— TJl : -f V^> 
$>y : ^^y-;b=5 : 5 : 2WUt) *F»U 7 7K. 53l-te;K SPEX*±F 
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luorologii) „ myt*'*? b )\s<Dm$L&m<o$.*>±&v) izftLxmmz 

9l#Wftt©J6»Tf***« a.* ;^-ttlctft 

(2) lSgi*;^- (x^jIz+'-^fyT") ©US 

-£j^J 1 (A 1 ) <z>^J&) 

■ffc-B^ (A 1 ) ©^BSaiB&SrJ^T^^. 




( 1 ) ^fi$W»IHK* (A) 

4 _y n *'<>X7^t K15.0g(81mmol) „ 7-fe b "7 * ^ >9. 7g(81mmol) * 
z_ 9 y-;b300ral 2 8%t b 'J -)A^*'> / 16.6m 

l(81mmol) £*D*.> 9B«HH«*Lfc. RJCHtTft. #f B Lfe*JI*tt5i U 

tx^;-^«U ^fifc*WW* (A) 19. 6g (W84%) 



(2) &f&*rm (b) <z>i=r/& 

^l£*»f* (A) 9.0g (31mmol) , 1 - 7 * ^2/;U tT U v 1 -^ ^"7n 5: K8.7g 
(31mmolK ffIgT> : &^^^19.3g(250mmol)^I^27ml{oM?lL. 12B#ffl;bnft&ft 

«H&io%7Kiwbf- h y * a***. iwn*^T)«W9y* u b y 
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*«3AU **y->^&®^ *I*+M<* (B) 10. 6g (W88%) 

(3) ew-fb-&* CAl) 

*jft+Mf* (B) 3.5g<9«)l) . 1,2, 3, 4-fh7kFDAi^/-iP 
1.7g(10mmolK J: *<HH0.09g(0. 5mol)s 'J >»* » * ^ 0g(19mmol) * 1 . 4 

**7W «rtii^*Sft«:«ftU. ***** U «A2.2g OK* 

5 2%) £f#fco 

»&*lfcttA«i. 90MHz 'H-NMR, FD-MS (7 * -* V-7 v 3 
W) fciO. B«<b#* (Al) -V&ZZtZmm^tz* FD-MS 

FDMS, calcd for C 35 H 2 .N 2 =476, found, m/z=476(M + ,100) 

&2. 8 e VT*feo/Co 
^j&0]2 (fb£* (A 4 5) <^J&) 

(A 4 5) ©£J^»£KTR-?JV*\ 



~&WD"J ^ v i up' 

<b1=H 




Dioxane 




c i ) -sm^rm (O 

4_ 7 « a ^^>XT^tiK15.0g(81mmol) > 2 -7^;l^'J v V10. 3g(85 
mmol) ***y-;H82ml fc*»U 1 M*lMb* b **** 61ml (61mmo1 
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*/-rt/-??ft#U ^j£*W# (O 19. 8g (HX¥85%) £t#/c 0 

(2) &m.tpmte (d) 

^•fifcfplHK* (C) 10. Og (35mmolK >X7 Z V >&&Jfc5. 5g(35mmol) 
/-;U75nliCJKllU 7KK<b^ h 'J ^A2.8g(70mmol)*iD^.. 18B#B*D8tf*$fcL' 

B B B £M^LTi*/-;U-^<f ^fiJc*M# (D) 6.0g (W44%) *f#^. 

(3) BfcKb'&to (A 4 5) ©-£j& 

(A 4 5) ii> ^fiJc*IHM* (B) <Dttt>*)lz&j&rpHMb (D) &J3W£ 

ma, ±ib^wi© (3) tmmc>WLftZft7z.tiz&v)^ nem.9g cw 

44%) 

f#£ftfc*g||l;U 90MHz 'H-NMtU FD-MS in* 0 StfKb£4&l (A 4 5) 
h£5if8Lfc„ £tz^ FD-MS <7)pJ^^*OT^^i"o 
FDMS, calcd for C 3 3H 2 gN<=478, found, m/z=478 (M + , 100) 

£ £13. nbtitzit&tyo) lM?Mx-*)l>¥-teZ . leV. 3Wi^;^- 
«2 . 8 eVT^^;. 
<£f£0i]3 ({b^ (A 4) <7>-&j&) 

{b^3.(A4) ©^JSK^J^Tt^f. 




a 



NaHC0 3 
EtOH 




(F) 



Cul 



r^Y , k 3 po 4 



NH 2 

Dioxans 




( 1 ) Gj&tplBMt (E) 
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2j 4 « -^rntTt h7x 7 V 15.0g(54mmolK 2 — T 5. y tf U V 5. 2g 
(55mmol) *jc* y-;H00al KM U Mfc*** b U * 0g(83mmol) 

7 K. i*/-;ur]«fc8fe*U (E) £12.5 g (W8596) 

(2) (F) 

4 _ 7j ^D7x K^$?>t&I&£10.0g(62mmol) &0K46bUcM U 
i/ ? 7 >7. 7ml (74mmol) $r*P^-. 901C KM Lfc c 3 & L < MM 

tfM&LfcSL W£frZBUfommZM&ls20ftmMW^tz o 90t-e30# 

. tftbu^A**au 7K> i*y-;i*?«fca*u ^j£+wk* cf) ^10 

.2g (W88%) «r»^t. 

(3) BfiSKfr&tt (A 4) CD-a-J^fe 

(A 4) ^*IUW* (B) ^bO[^*ri* (E) . 1, 2, 
3> 4 - f b 7 h Fa A^A*y-jl/©^9 t^ril* (F ) &JB^fcJ2W± 
„ JJB^««1© (3) fcWWI©lifP«:(T^ci:KJ:0. MS. lg (W7396) 

f§£ftfc*Sllti\ 90MHz 'H-NMR. FD-MS K J: 9 @tttfb&*B (A 4) 

FDMS, calcd for Ci S Ht 0 FN.=381, found, m/z=381 (M + ,100) 

|#f,nmi©ll^^^-fi3. 3eV. 3 MJgJ.*;^- 

t±2 . 8 eVtfe^f:, 
-£J&01J4 ttfr&tt (A3 5) <£>^J5£) 
•fb^fej (A 3 5 ) ©^fi£i8&4:^TI^t. 
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Br 



A 



Br 



Br 



0-0 




Cul 



N 



lt 3> 5 - h ij 7*a=E^>-br>5.0g(16mraol) N 1, 2, 3, 4-f h7tK 
a#;U/<V-;b8.2g(48mmolk <fc Mb§§0. 3g(0. 4mmol) . U >»* U ^ ^13. 8g( 
65mmol) *1. 4 -^**^>50mHC»»U b^VX-l, 2-$/*n^*-9- 
VvTS V1.9ml(16mmol) ^iO^U T;U^>HBfLT. 19I^MiP*M»8iEU^. 

ft]*.. tfWLfc*Sfl*«»U i«JL^^Tf»6»L. *Ni2.5g (iR*27%) *» 
7#£ftfc*gilte> 90MHz IH-NMR, FD-MS U:<fc 9 @tfHb^ (A3 5) 

tzmmLtzo £fc> fd-ms <&sragm£J*rn-jjv*-« 

FDMS, calcd for C 4 2H3 B N 3 =585, found, ra/z=585(M + ,100) 

Sfclc. »&*fc<b«&*9<0 lfiJUMwl/^-fciS. 8eV. 3Mi>^+- 
t± 3 . 1 eVt^^fc, 
<£j&0i]5 ({fr&to (A 4 6) 

(A 4 6 ) ®^S8&4:OTl-^. 



Br' 




(F) 



Dioxane 



,Cul 




Br 




Pd(PPh 3 ) 4 
Na 2 C0 3 (aq) 
Toluene 
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(1 ) Gf&tprm (g) o^m, 

1, 3, 5-hyyn^^V-^>5.0g(16mmol).^fi£^l30 (2) T?^€>4t.A: 
-£l&*pmfo (F) 7.5g(40mmolK J: 7<tM0. 3g(0. 4mmol) „ 'J Vifc# U ? -M3. 8 
g(65mmol) £1, 4 -S?**-fr >50mlU:«*S U b^>X-l, 2—>?a^* 
t>i?7 5 V1.9ml(16mmol) fciD*. T^^VUH^T. 14B#MitaftOTSftb;te. 

i^D7h^7-f-Tf«»U £j£*IHM* (G) *2.1g (4W24K) 

(2) ^«*NM* (H) <Z>^J$ 

y D ^_ 3> 5 -v?-7i^;v^v-lf>10.0g(32mmol) £ h;i/.x>50mU -r 
MOmlt^MU T*=fv*H»T-l6 — 42T:t?/ A-,* 
■frV*?* (1.610 27ml(42mmol) £2)11*.. -42t 0 *C T? 1 B#Ma(# Lfe. 
SJ6»««:-70t:*"e^U U 4 V7'o tT;b22ml (97mmol) Sri—r^ 

25mlte#ffiL;fc^ifc&?STU -70t If 1 B#M»J* IS*^filt6 
B#ffl«#Lfc. 5EK:RJifi»«K5%*K7(hilS:»TU/£^ SfflT?45#IWfll# U 

^/l^**>T«Mfe»U *Jfc*W# (H) 7.0g (W78%) 

(3) @«Kfr&!fc (A 4 6) 

-fk^tJ (A 4 6) (E) ©f^9t^«4»M# (G) > ^Efc* 

rate (f ) ©ttfe9fc'&j£*NK* (h) ^«3© (3) tm 

mnMttftSz. «Sftl.9g (W7296) 

ft&nfcJfofltex 90MHz l H-NMR. FD-MS <fc 9 gtfKfr&ifcl (A 4 6) X'&ZZ 
t*Vm^tz 0 £tz^ FD-MS ^iJ^m^J^T^-To 
FDMS, calcd for C< 8 H 38 F 2 N 2 =680, found, m/z=680(M + ,100) 
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ti 2 . 9 e VT?fcofc. 

6 Ut&W ( C 1 8 ) tf>«£j&) 
-fk-^tJ (C 1 8) (D^tim&ZVCflZTTsto 




c i ) i^s*^ ( i ) 

4-7'd^7x kK7i? >3&1^5. Og (22mmol) . j^7kitf- h D ^ A 1. 9g 
(22mrool)£i*/-;H00ml £«£)U IftmMnist^ 
5.0g(22mmol)*AP^. 8 Bf^D^Jl^ L/c 0 (23mmol) £#P;i. 12 

B#W*D^il^L^ e ^C^^M^^-e^iPL. 30%7K^b^M;^A7K^2. 
3ml (23mmol) > 7K50ml &*D;U 1 B#f B ^# LT^m U/c^ B B B ^^ii J- 
;u-e&*£U ^*Pb1#: ( I ) £7.6g (^&±;£*lft) £f#/c Q 
(2) @f*Hfcl=r^ (C 1 8) ^j5g 

' <fb^ (C 1 8) te. (B) ©^0{-^*P B m ( I ) . 1 . 2 

3, 4-f h?t Ka*;WN*y-;b©^9t3 2 , 3 - ot^f; V K 

-;lx£ffl^fc£W*, Jbf a£j$0)J 1 (3) ^^WF^to-^KJ: 0. IS 

,f 0 1.2g (^32%) &mtz 0 
n^tlta^t, 90MHz 'H-NMR. FD-MS \z £ 9 g^b^ ( A 4 6 ) & £ 

FDMS, calcd for C 35 H 3 ,N 3 =493, found, m/z=493(M + ,100) 

nzntzitsyKDinm^z^-tez . 4ev N 3S^^^- 
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&2 . 8 eV-efcofc. 
•£J&#|J7 (A3 9) 

(A3 9) <7^j$i«&^Tl-^t~o 




±IB**«1«> (1) »=*5^T^ 4-yD^>X7^ftKOftfe0l^ 3 

^L^^IW^ (J) 2.5g(5mmol) x 1. 2, 3, 4 -T b =7 t b' n# ;W<V 
-;H.0g(6mmol) . <fc -MblHO. 05g(0. 3mmol) . U >H* V A2. 4g(llmmol) * 1 
( 4 -y^-^+h>12.5mlt3«L. b7>X-l, 2-v/^^>v7ry 
0.3ml(2mmoimO;U Tfl^VfMMTF. 18B*Httn«fflBiEU*:. KJfc*?ft*Mi 

12.5mlte»HU «fc-9<km05g(0.3mmol)> U >Mtj U ^ A2. 4g(llmmolK b^ 
>X-1, 2 -S/?D^*tV5?7 5 >0. 3ml (2mmol) £#Q;U T;l/=*>3M£IT 
„ 10iminM9l8KU^. ^*fc*a»*-ei**PU *ft>fU'A zK*iD*. 

WM^;i/25mI*iDAx ffitBLfc*Sfl$:ll31U Wm^^ifc^U 
&A1.8g (H»52%) 

»€>*ifc*gi&ti\ 90MHz 'H-NMR. FD-MS fc: J: 0 a Ktffc^ (A3 9) 
fcfcfiligLfc. $.tz, FD-MS ©BIJEIM&ErFteflV*'. 
FDMS, calcd for C47H 39 N 8 =645, found, m/z=645(M + ,100) 
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&2 . 9 e Yf*ofc. 
^J&#J8 Mfc^ft (B 1 ) (Di$m 
itS'ty) (B 1 ) o^fiStSB&SrJ^Ttc^-r. 




±iE-£j&0>Jl £l^8UcLT^Lfc^J&4 , P«W (B) 3.5g(9ramol) . ±IB-fk^ 
« (K) 2.0g(10mmolk «fc ^fcJHO. 09g(0. 5nw>lK 9 >K* U •> A4.0g(19wnol) 
fcl. 4 -5>**-fr>18mlte»»U h7>X-l. 2->fa^t>y75 
>0.5ml(4mBoI)*iD^ 7;^>fi^ 18B*W;ta*W»Lfc. 

4g (JRS^31%) 

*#&ttfc*Sllti\ 90MHz 'H-NMRn FD-MS tC^Og^t^ (B 1 ) 
£*ffgLfco £fcs FD-MS ©ffl^*Sm*OT^^-r. 
FDMS, calcd for C35H3 iN 3 =505, found, ra/z=505 (M + , 100) 

2 5mmX7 5mmX0. 7mmf 0 I TO^tII#^7Xl« (i?*"? 
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m*mm*mo ^O^Lxmmi 0 nm<2TI3IE7*a>'T->JIIi (CuPcl 

) Mtfc. zcdcup cm$, sEjmxmtvxmm-t^o cupcm 

mizmiT, iOl±(uif 3 0nm©4, 4' -fx [N— ( 1 -^7^) 
-N-7^-;l^T^y] t*7^;Wgi (TfEa-NPDJil) £j&BltLfc 0 Z(Da 

-np DmitiEjLMmmt vxmt-t& 0 zziz^ z<Da-NPDm±immz 

0 nm(DmBlt^V>} (D3 5) h«f4«h Lfgftjp£j5£gi Lfc c £ 
tf>B#, mmm^yt'\k(D I r &JI§g#: V htLTIr^X [ (4, 6 - 
y7^D7x-)l/) -t°y^-*— b-N, C 2 '] ta"Jt- h (±!B(K-2 
3) £»Lfc 0 ^H^^fc^^ (K-2 3) ©»711%iL/:o 

^liLtiif^o t(Dm±lzmW3 OnmO (1, 1* -t'X7x 

— ju) tfx ( 2 8 u J =?— h) 7;b5-7A 

m (Ti2BAi qi) zj&mLtz 0 z(dba \ q mitjEjimmmmm^i Am t 

UTt^t^, ^©f, AoyWkTM'Jil^^LiF^O. 2nmtf>ff 
£l^SU iX^tTJ^ i^A^ 1 5 0 nm^ff^t^iff Lfco Z(DA 1 : L 

1 FwmtLxmm-t&o zv&^izLx^mEL&ytmj-zimLtz. 
zopm^iz-o^x, mmmm*fitz-?tztz?>, mi±7. 6v, m^mi. 

3 9mA/cm 2 KiT^ 10 3c d/m 2 tf>Wfefg;)W4| £ *U fej^jflte (0 
. 2 0 , 0. 3 8 ) > m&tomtl . 4 0 c d/AT^^/Co 
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BAIq 

mmm 1 tc^r. <ti^ cd 3 5 ) ©ftbo mib^-s^ (a 3 8 ) 

ttMMl (*«BL*f©ttl) 

Hftgftl 1 Cfc^T, (D 3 5) (BftfeOl;:. 7RBittl^r^fgUS2002-0 

028329^|ffl*^I3S^TIB<b'8-^ (HI) Srffl^fc^tiigtKllc LT*»B L 

gt^fFmu iwi^(c«/±> msmjs. mtmm., my&h&. mc&^&mL* 




H 1 

5 0 
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* 1 





bm 


m s. 

(V) 


(mA/cm 1 ) 


(cd/m J ) 


(cd/A) 






mmmi 


D 3 5 


7. 6 


1.39 


1 0 3 


7.4 0 




(0.20,0.38) 


HWJ2 


A3 8 


6. 8 


1.10 


9 8 


8.9 4 




(0. 26,0. 39) 


ttW\ 1 


H 1 


9. 1 


2.0 9 


1 0 1 


4.84 
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